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Somatosensory evoked magnetic fields following

passive movement
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Present thesis including two research works. The first part is somatosensory
evoked magnetic fields following passive finger movement, the second part is
somatosensory evoked magnetic fields and potentials following passive toe movement
in humans. In order to compare the somatosensory evoked magnetic fields (SEFSs)
(averaged MEG) following passive movement with the SEFs following electrical
stimulation, they have recorded the SEFs following passive finger movement and the
electrical stimulation of the same finger. In the second part of research work, they
have recorded SEFs and somatosensory evoked potentials (SEPs) (averaged EEG)
simultaneously in study of passive toe movement to compare the SEFs with SEPs.

The SEFs following passive finger movement and electrical stimulation of the
same finger was studied in 10 normal subjects. A new device for passive finger
movement was developed for this study. The movement condition of finger was
monitored by a rotary differential transformer. To avoid magnetic noises, all parts
were made by plastics, woods and optic fibers. The finger was moved approximately 20
degree, and its angular velocity was approximately 525-530 degree/sec. The external
trigger was set off by a photometer using laser beam. The electrical stimulus was a
constant current square wave pulse delivered transcutaneously to the area between
the proximal and distal joint of the left middle finger. The SEFs were measured with
dual 37-channel biomagnetometers (Magnes, Biomagnetic Technologies Inc., San Diego,
CA). Magnetic resonance imaging (MRI) scans (Shimadzu Magnex 150XT 1.5T) were
obtained for all subjects.

Four main components were identified in SEFs recorded at the hemisphere
contralateral to the moved finger: 1IM®P), 2M(P), 3M(P) and 4M(P). One component,
4M(PI), was identified in SEFs recorded at the hemisphere ipsilateral to the moved
finger. The M, P and I stand for magnetic fields, passive movement and ipsilateral,
respectively. Isocontour maps of those main responses to passive finger movement
showed clear and simple polarity — reversal fields which indicated the single
equivalent current dipole (ECD). The 1M(P) was clearly identified only in 3 subjects
and was smaller than other components in amplitude, its latency was about 19.4 ms.
The ECD of 1IM(P) were located around the finger area of primary sensorimotor cortex
and oriented either posteriorly or anteriorly. The 2M(P) and 3M(P) were usually
combined as one large deflection with two peaks, the duration of this deflection was
around 20- 40 ms. The latency of 2M(P) was 46 ms, and the latency of 3M(P) was 70 ms.
The ECDs of 2M(P) and 3M(P) were located around the finger area of sensorimotor
cortex and both oriented posteriorly. The 4M(P) has large inter-individual difference in
terms of amplitude and latency. The ECD of 4M(P) was also located around the finger
area of primary sensorimotor cortex, and oriented anteriorly. The 4M(PI), the main

component recorded from the hemisphere ipsilateral to the moved finger, was located



in the upper bank of Sylvian fissure, probably the secondary sensory cortex (SII).
Five components, 1IM(E), 2M(E), 3M(E), 4M(E) and 4M(EI), corresponding to 1M(P),
2M(P), 3M(P), 4M(P) and 4M(PI), were identified following electrical stimulation of the
same finger. However, SEFs following passive movement was clearly different from
SEFs following electrical stimulation, in terms of waveforms and source locations.
The differences can be summarized as follows: (1) The 1M(P) was absent or very small,
but the IM(E) was clearly identified in all subjects. The dipole orientation of 1M(P)
was either anterior or posterior, but the dipole orientation of 1M(E) was constantly
anterior. The peak latency of the 1IM(P) was 2 - 3 ms shorter than that of the 1IM(E).
(2) The 2M(P) and 3M(P) were significantly larger than the 2M(E) and 3M(E) in
amplitude and dipole moment (P < 0.01). The 2M(P) and 3M(P) appeared to be one
large deflection with two peaks, but the 2M(E) and 3M(E) were clearly separated in all
subjects. The peak latencies of the 2M(P) and 3M(P) were significantly longer than
those of the 2M(E) and 3M(E) (p <0.01). (3) The ECD of 4M(P) was located in the finger
area of SI, but that of the 4M(E) was located in SII. Therefore, the Z location of 4M(P)
was significantly higher than that of the 4M(E) (P<0.01).

The SEFs and SEPs following passive toe movement were studied in 10 normal
subjects. The second toe was moved upwards approximately 20 °, and its angular
velocity was approximately 435 degree/sec. To record the SEPs, five exploring
electrodes were placed at the Fz, Cz, Pz, C3 and C4 sites. The device and other
methods are same as the first part of the study.

Four components, 1M, 2M, 3M and 4M, were identified, whose mean peak
latencies were approximately 35 ms, 46 ms, 62 ms and 87 ms, respectively. The 1M and
2M were relatively small in amplitude. The 3M and 4M components appeared to be
merged as one deflection with two peaks in 7 subjects. The isocontour map of the 1M
component was similar to that of 2M, and their estimated ECD locations were just
around the Cz in all subjects. However, a large inter-individual difference of the
isocontour maps of 1M and 2M, particularly 2M, was found. This finding suggested
that the location of ECD was stable but its orientation was vary variable between
subjects. In contrast, the isocontour maps of 3M and 4M were relatively consistent.
The 1M component was generally oriented horizontally to the right hemisphere in all
subjects, but was more vertical in 2 subjects. As for anterior-posterior direction, the
1M was oriented anteriorly in 3 subjects but posteriorly in another 4 subjects. The
ECDs of 3M and 4M were closely located in general. The MRI indicated that the ECDs
of 3M and 4M were located around the foot area of sensorimotor cortex in the left
hemisphere and oriented horizontally to the left hemisphere in all subjects.
Equivalent current dipoles (ECDs) of both 1M and 2M were estimated around SI in the
hemisphere contralateral to the movement toe, and were probably generated in area 3a
or area 2, which mainly receive inputs ascending through muscle and joint afferents.

The third and fourth components, 3M and 4M, appeared to be a single large long-



duration component with two peaks. Since the 3M and 4M components were
significantly larger than the 1M and 2M components in amplitude and their ECD
location was significantly superior to that of 1M and 2M, we suspected that they were
generated in different sites from those of 1M and 2M, probably area 3b or area 4.
The variation of first component of SEPs, 1E, could be accounted for by the variation of
the orientation of ECD of the 1M component.

In conclusion, the SEFs following passive finger movement was different from the
SEFs following electrical stimulation of the same finger in terms of waveforms,
isocontour maps, ECD location and orientation. 1M(P) was probably generated in area
3a or 2 of SI, but the 1IM(E) was probably generated in area 3b. 2M(P) and 3M(P) were
considered to be generated in area 4 and/or 3b, and their activities have temporal
overlapping. The 4M(P) was generated in SI, but 4M(E) was generated in SII, however,
both 4M(PI) and 4M(EI) were both generated in SII of ipsilateral hemisphere.
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